Statistical models for large-scale convection and for ionospheric conductances were previously derived from observations of the incoherent-scatter radar EIS-CAT. We complete this large-scale description with statistical models of the horizontal and field-aligned currents achieved from the same data base and for the same ranges of the magnetic activity index Kp. Except for the highlatitude dayside currents generally located poleward of the radar field of view, a large part of the whole current system can be probed with EISCAT. Globally consistent with previously published models, our results also exhibit some differences, such as the asymmetry in the local-time extension of the current sheets, concentrated to a few hours around 18 MLT in the evening sector, while widely spread from premidnight to prenoon magnetic local times on the morningside. This statistical description of the current system above EISCAT allowed us to examine several aspects of the large-scale auroral electrodynamics, namely the relationships between convection, conductances, and currents, in particular in the vicinity of the Harang discontinuity, and the features of the global current circuit.
Introduction
It is widely recognized that the current circuit coupling the ionosphere and the magnetosphere plays a dominant role in the large-scale dynamics of both regions, as well as during localized active events such as substorms. The identification of the actual signature due to disturbances requires the preliminary knowledge and a quantitative evaluation of the current circuit at the steady state from which active events can develop. This objective has first been investigated by ground-based magnetometers which provide large-scale distributions of equivalent ionospheric currents and estimates of field-aligned currents (Kamide et al., 1981; Friis-Christensen et al., 1985; and references therein) . Then, various instruments have been operated. From in situ measurements of the magnetic perturbations by spaceborne magnetometers, Iijima and Potemra (1976, 1978) built empirical models of field-aligned currents. Ground-based radars, which give access to the electrodynamic parameters of the ionosphere, have also contributed to this quantitative effort (see Foster et al., 1989) . The AMIE technique, developed by Richmond and Kamide (1988) and applied in subsequent papers, combines simultaneous observations from different instruments to infer instantaneous maps of large-scale electric fields and currents. All these various observations contributed to major improvements in our understanding of the current system: the identification of the westward and eastward electrojets, of the poleward region 1 and the equatorward region 2 of field-aligned currents, the role of the interplanetary magnetic field (IMF) on the high-latitude current distribution, and the estimation of the current intensities for different magnetic activity conditions. The European incoherent-scatter radar facilities (EISCAT) may expand this already-rich context, at first for instrumental reasons. The unique tristatic capabilities of the UHF radar give access to accurate and direct measurements of the plasma-velocity vectors and thus to reliable distributions of convection electric fields. Then, the electric field combines with the height-integrated conductances, derived from the electron density profiles simultaneously measured, to infer the horizontal and field-aligned currents. Finally, a single instrument, EISCAT, can achieve observations of a full electrodynamic state of the local ionospheric plasma. This advantage opens the field to more detailed investigations on fundamental and still controversial questions, addressing the relationships between convection, conductances, and currents, their individual role in the ionospheric electrodynamics, and the features of the current circuit in high-latitude regions.
Prior to estimating in the future the proper signature of active and localized events, and to avoid mixing them with previously existing features, we concentrate here on largescale time-averaged patterns. Senior et al. (1990) and Senior (1991) made use of the EISCAT data base to derive, respectively, statistical models of the large-scale convection and of the height-integrated conductances for ranges of magnetic activity keyed to the index Kp. This set of empirical models is completed here by the derivation of the statistical ionospheric and field-aligned currents from the same data base and in the same magnetic conditions. We also discuss their contribution to the auroral electrodynamics.
2 Data analysis
Operating modes and data base
The UHF system of EISCAT operates at 935 MHz with three sites in North Scandinavia: one transmitting-receiving system at Tromso¨(Norway), and two receiving antennas at Kiruna (Sweden) and Sodankyla¨(Finland). We took advantage of the tristatic capabilities of EISCAT to infer horizontal and field-aligned currents at auroral latitudes. Their large-scale distribution is best probed by the operating modes of elevation scans in the magnetic meridian plane of Tromso¨. Like Senior et al. (1990) , we make use of the EISCAT data base for the scanning experiments, Common Programs CP-3C and CP-3E, covering the invariant latitudinal range 61.5°!71.5°and 61°!72.5°, respectively, with a cycle time of 30 min. The data are post-integrated over the dwell time at each position. The data set, described by Senior et al. (1990) , involves about 900 h (more than 25000 data points) of CP-3 analyzed data between June 1984 and November 1987. From the power and frequency spectrum measurements of the backscattered signal along the line of sight of the transmittingreceiving site at Tromso¨, we infer the field-aligned profiles of the electron density in the E and F regions, and of electron and ion temperatures in the F region. In addition, the three-dimensional ion drifts are measured in the F region at the intersection point of the three beams, at the constant altitude of 325 and 275 km for CP-3C and CP-3E, respectively. Further technical details are described by Folkestadt et al. (1983) . Following Caudal and Blanc (1988) , the determination of the three components of the ion drift can be improved by the addition of an extra constraint, applied at every measurement point, and particularly useful in the less favorable conditions of the beam geometry. It consists in describing the field-aligned velocity, known to be small, by a Gaussian probability distribution centered around 0 m/s with a standard error of 60 m/s. The most probable vector is then evaluated from this information in addition to the tristatic measurements.
Derivation of currents
The electric-current density j at the ionospheric level obeys Ohm's law and the current continuity equation, given by:
div j"0,
respectively, where is the conductivity tensor, E, the electric field, V L , the neutral wind, and B the magnetic field. The electric field E is derived from measurements of F-region ion drift V G :
We proceed similarly to Yashura et al. (1982) for Millstone Hill data and Caudal (1987) for EISCAT data. Neglecting neutral winds, the height integration of Eqs. 1 and 2 yields the expression of the northern (N) and eastern (E) components of the height-integrated horizontal currents J:
and of the field-aligned current density j # (positive into the ionosphere):
where I is the magnetic-field inclination and and & the Pedersen and Hall height-integrated conductivities, respectively. Finally, the electric-current system can be fully determined from EISCAT data, with the tristatic measurements of electrostatic electric fields in the F region, and with the height-integrated conductivities derived from electron density profiles in the E region. However, due to the fan-shaped geometry of the scans, the latitudinal coverage of the observations depends on the altitude. Extended to some 10°in the F region, it reduces to typically 3°!4°at the lower altitudes of the conductive E region, thus limiting the experimental determination of the ionospheric conductivities, and of the currents, to this narrow range. To take advantage of the full set of the electric-field measurements in the F region by EISCAT, models or extrapolations are required to extend the conductivity distribution apart from the central zone of the observations. Ahn et al. (1989) demonstrated that in spite of significant differences between statistical and instantaneous conductances, the resulting electrodynamic parameters showed remarkable similarities as far as global features were concerned. A similar procedure was already applied by Caudal (1987) , who made use of the model of conductivity developed by Wallis and Budzinski (1981) for 24 h of EISCAT observations during a quiet summer day.
Model of ionospheric conductances
The ionospheric conductances result from the contribution of two main ionization sources, usually approximated by a quadratic sum:
